Interferon, Nucleic Acid and Protein Synthesis in Mouse Spleen
Cells after Acute 7-Irradiation (Accepted 3o November I972)
There is evidence that the spleen is one of the main sites of interferon synthesis (Heineberg, Gold & Robbins, 1964; Kono & Ho, I965 ; Fruitstone et al. I966) . Other studies have shown that the role of the spleen is more important in the production of interferon in response to intravenously administered endotoxin than in the synthesis of virus-induced interferon (De Somer & Billiau, 1966; Borecky & Lackovic, I967; Ito et al. 197 0. Effects of X-irradiation and antilymphocyte serum on the levels of circulating interferon prompted the conclusion that peripheral blood lymphocytes take part in myxovirus-induced interferon production (De Maeyer, I969; 197i ) .
We have shown previously that although acute or fractional X-or y-irradiation or acute proton irradiation causes a reduction in spleen weight, the synthesis of circulating interferon does not change, and sometimes even increases, when poly I:C or endotoxin was used as inducer (T~ilas et al. I971 , t972a , b) . The resistance of circulating interferon synthesis induced by poly I: C and endotoxin to acute X-irradiation was also reported by others (Nagano, Maehara & Nakamura, 197o; Glasgow, 1972 ). In the current study experiments were performed to determine the effect of gamma-irradiation on the induction of interferon synthesis in spleen cells by poly I:C and Newcastle disease virus (NDV). The dynamics of interferon production were also correlated with nucleic acid and protein synthesis in spleen cells.
The experiments were carried out in random-bred Balb/c mice weighing I8 to 2o g. Half of the experimental animals received a single dose of gamma-rays [6°Co], of 4oo R, at the rate of 138 R/rain. On the 4th day after irradiation, the animals were inoculated intravenously with interferon inducers: poly I:C (50/tg]o.2 ml) and the HERTFORDSHIRE strain of NDV 009 LD5o/o.2 ml/mouse). At I, 4, 8, I8 and 24 h after inoculation of interferon inducers, animals were sacrificed by exsanguination. Spleen cell suspensions were prepared by rubbing a pool of Io to I2 spleens through a capron mesh with addition of Parker's medium t99 containing 2 % beef serum. Three ml of suspension containing 3 × IO7 cells/ml were placed in a sterile 5 ml syringe stoppered with cotton-wool. After incubation at 37 °C for t h, the suspension containing the non-adherent cells was pressed out. Cell suspensions before and after adherence on cotton-wool were adjusted to I x lO 7 cells/ml, frozen and thawed twice, and centrifuged for 2o min at 2ooo rev/min. Prior to assay of interferon induced by NDV, supernatant fluids from the spleen cell suspension were acidified to pH 2.o by addition of 6N-HC1, held for 5 days at 4 ° C and adjusted to pH 7"o by addition of 6N-NaOH. Sera and spleen cells suspensions, before and after adherence on cotton-wool, were assayed for interferon activity in L-cell cultures by the c.p.e, reduction method using Semliki Forest virus as challenge.
Assays for serum interferon confirmed previous observations (De Maeyer et al. 1969; Tfilas et al. I97I; Glasgow, I972) of the radioresistance to acute irradiation of the systems synthesizing circulating interferon induced by poly I:C, compared to the relative radiosensitivity of the synthesis of interferon in response to NDV. The level of poly I: C-induced
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serum interferon on the 4th day after irradiation did not change from that observed in parallel non-irradiated animals after challenge, but the interferon levels induced by NDV decreased to 25 % of that control value. Spleen cells taken from non-irradiated mice I, 4, 6 or 18 h after injection with NDV or poly I:C produced interferon when incubated in vitro (Table I) . When macrophages were removed by adsorption on cotton-wool, the remaining lymphocytes produced interferon only if they were derived from mice injected with poly I: C, but not if they were from mice challenged with NDV. It is well known that lymphocytes in lymphoid tissues, as well as macrophage precursor cells in bone marrow and possibly in the spleen, are extremely sensitive to whole-body X-irradiation (Schrek & Batra, 1966; Elves, 197o) ; in contrast, relatively large doses are required to kill cells such as fibroblasts, mature macrophages, nerve and muscle fibres (Trowell, 1965) method (Forbes, 1969) . On the 4th day after y-irradiation with 400 R the content of lymphocyte type cells decreased two-to threefold. Our results are in complete accord with recent data of Petrov, Kovalchuk & Cheredjeev, (1971) .
However, the production of interferon by spleen cells of irradiated animals was increased in response to both poly I: C and NDV (Table I) , although this stimulatory effect was less pronounced after NDV induction. After inoculation of poly I:C, the same levels of interferon were observed both before and after adherent cells had been removed. After inoculation of NDV, interferon synthesis was obtained only in the suspension of spleen cells before adherence tests. In one experiment interferon was not detectable after removal of adherent cells, and in the second only traces of interferon were found, This effect was seen in irradiated as well as in non-irradiated mice.
Irradiation per se did not stimulate the synthesis of either circulating or spleen cellproduced interferon. The kinetics of interferon production by the spleen cell coincided with the increase of circulating interferon levels in the sera of both irradiated and nonirradiated animals.
We next studied incorporation of uridine and amino acids in spleen cells of irradiated (4oo R) and non-irradiated mice injected with poly I:C and NDV. Before inoculation and I, 6, and 18 h after injection, animals were sacrificed and spleen cell suspensions were prepared by rubbing through a capron mesh. Cells were washed and [l~C]-uridine (72 #Ci[ m-mol) and [l~C]-labelled Chlorella protein hydrolysate (8o/~Ci/m-mol) in final concentration of 0"5 ]+Ci were added to 2 x lO T spleen cells in o'5 ml Parker's medium 199. After 60 min contact with precursors at 37 °C, cells were washed twice with cold medium, sedimerited on Millipore filters, and washed with ice-cold 5 % TCA and 8o % ethanol. Radioactivity retained on the filters was determined in a scintillation counter (Packard, TriCarb) . Uridine incorporation was enhanced in spleen cells from non-irradiated mice after inoculation of NDV. In contrast, incorporation of animal acids by the same cells was somewhat decreased. In irradiated animals, the incorporation of both uridine and amino Short communications acids was depressed in spleen cells. Further depression occurred when the mice were given NDV or poly I : C.
We conclude that irradiation has opposite effects on the production of NDV-induced interferon in the whole animal and in spleen cells. Therefore, spleen cells cannot be regarded as the main source of circulating NDV-interferon. Using the adherence test, it was shown that spleen ceil-produced NDV-interferon is derived from radioresistant macrophages, rather than lymphocytes as had been shown with circulating interferon (Barth, Friedman & Malmgren, 1969; De Maeyer-Guignard & De Maeyer, 197I) . A possible explanation of these facts can be found in the extreme heterogeneity of the class of lymphocytes, not only in terms of life-span and size but also immunologically (Ling, I968) and with respect to sensitivity to X-rays (Schrek, I96O; Kornfeld & Greenman, I966) and probably in capacity to produce interferon in response to different inducers.
The experiments also showed that the stimulating effect of irradiation on the production of circulating poly I:C-induced interferon (Tfilas et al. ~97I ; Glasgow, 1972 ) was correlated with increased production of interferon by spleen cells in vitro.
Studies on uridine and amino acid incorporation by spleen cells in vitro failed to show a correlation between total RNA and protein synthesis with the interferon synthesizing mechanism. Margolis & Levy 097o) noted in experiments in vitro that the effect of polyI:C on RNA metabolism (inhibition or stimulation) depended on dose and time. The observed activation of RNA synthesis may be assumed to be the starting point for enhancement of spleen T-lymphocyte proliferation (Braun et al. I968; Johnson & Johnson, 197 0. The data presented here allow us to suggest that the entire system of biochemical reactions mediating the induced synthesis of interferon has been preserved in the radioresistant cell after irradiation.
